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Pedepar:

1. Inceprarifina po60Ta IpUCBIYeHAa JOCTIIKEHHIO KOJIEKTUBHUX 30yIKeHb B pifjiHaX 3 acoljiaTaMu i3
BHMKOPHCTaHHSIM METO/iB KOMIT'IOTEPHOTIO MOJIEJII0OBaHHS ab initio mosiexyssipHOi nyHamiku (AIMD) Ta
TEOPETUYHOTO aHaJIi3y Ha OCHOBI MifX0Ay y3arajJbHEHUX KOJIEKTUBHUX MOJ, B pAMKax y3arajJbHEHOI riipoJHaMiKU.
O6'exTaMu [OCJIIKEHb BUCTYIIAIMN PO3MJIaB CTUOGiI0 Ta PJII0if BOJHIO 32 BUCOKUX THUCKIB. 3HaXO/>)KEHHS BJIaCHUX
3Ha4Y€Hb Ta BEKTOPIB y3arajabHEHOI rilpoAMHaMiYHOI MaTpulli, O €KBiBaJIEHTHO PO3B'SI3aHHIO y3arajbHEHOTO
piBHsIHHS JlaH)KeBeHa B MAaTPUYHil GOpMi, Jae TEOPEeTUYHUI ONMC 3aJIeKHYX Bifl Yacy KOpPeJIsiLili 'yCTHH Ta I10TOKIB

YaCTHMHOK y pifnHax. Llei nmigxin mo3Bosisie BCTAHOBUTU NIPUPOAY KOJEKTUBHUX 30yI’)K€Hb Ta 3HAUTU ITOBELiHKY



KOJIEKTUBHUX MOJ, 11032 MEXaMU TipoANHaMidyHOi 06J1acTi. ByJio IpoBeneHo aHajli3 CTPYKTYPHUX Ta AUHAMIYHMAX
0Cco6MBOCTEN PO3IIaBy CTUOi0. OTpUMaHO pafianbHy QYHKIi0 PO3MOAiNTY YaCTUHOK, OCOGIMBICTIO SKOi I1e4e B
Me>Kax Iepuloi KoopAyvHaliiHoi cdepu. 3a pe3ysbTaTaMu LOCIIiIPKEHHS 4acoBOi €BOJIOLi BiicTaHe! MixK
HaMOIKYMMU CycizaMuy 0yJl0 BCTAaHOBJIEHO, 10 3a3HAYEHE I1JIeve BiNOBifae MOJIOXKEHHSIM KBa3i-3B's13aHUX N1ap
aTroMiB. 3aCTOCOBAHO IT'SITU-3MiHHY TEPMO-B'I3KONIPY>KHY MOJI€JIb, IO BAAJIO BiATBOPIOBaja KOPEJISLiliHi PyHKIii,
OTPUMaHI 3 NePUIONIPUHIUIIHOIO KOMIT'I0TepHOro MmozesntoBaHHs AIMD. [TokazaHo, 1o 0fiHa 3 JBOX
CIIOCTEPE>KyBaHUX MOMKPIOBAJILHUX MOJ, XapaKTepU3YyETbCS PO3MIKPEHOIO MIJIACKOI0 AIISIHKOIO Y AUCIepcii
KOJIEKTUBHUX 30y/I’K€Hb, SIKA JOOPE y3rOIPKy€EThCS 3 PE3yIbTaTaMu MO e oBaHb AIMD. JIonaTKOBO BCTAHOBJIEHO,
1110 KOJIEKTUBHI 30y I)K€HHS KBa3i-3B'sI3aHUX [1ap MAIOTh IJIACKY AUCIEPCIIo [JIs YCiX AOCIiIpKyBaHUX 3HaY€Hb
XBUJIEBOTO yucJa k, [0 He € XapaKTepPHUM 1715 iHIINUX BUSBJIEHUX MOZ,. JlOCIIiZPKEHO KOJIEKTUBHY IUHAMIKY
MOJIEKYJISIPHOTO (PIII0ily BOAHIO. 3aCTOCYBAHHS IT'ITU 3MiHHOI TEPMO-B'SI3KONPY>KHOI MOJI€Jli y3arajabHEeHO]
rifpoauHamiky 3MiICHEHO JJ1s1 BiITBOPEHHS YOTUPbOX KOJEKTUBHUX YACOBUX KOPEJALINHUX (PYHKIIN, OTPUMaHUX 3
MmogemoBaHb AIMD. BcTaHoBJI€HO, 1110 3aCTOCYBaHHS YSIBHOI YaCTUHU QPYHKLI BiII'YKY T'YCTUHU Ta KOPeJsILifiHO]
(YHKLII NOXiZHUX TI0300BXXHbOTO IIOTOKY 7151 3HaXOPKEHHS HEBIJOMUX CTAaTUYHUX KOPEJISITOPIB Ta KOPEJISLiHUX
4aciB B y3arajabHeHiil riipoguHaMivHiil MaTpuLi 106pe BiITBOPIOE CIIEKTPAJIbHI XapaKTePUCTUKU (QYHKLIN
IIO3[IOBXKHBOT'O IIOTOKY, @ TAKOXK IMCIEPCiI0 KOJIEKTUBHUX 30y KeHb. [I0Ka3aHO JOBrOXBUJIbOBI aCUMIITOTU ~K ™2
ILJIS1 CTAaTUYHUX KOPEJISITOPiB 4aCOBUX IMOXiHUX MO30BXKHBOIO Ta [IONIEPEYHOTro MOTOKIB. [TinTBEpaKEeHO
[IpaBUJIbHY TiAPOAMHAMIYHY IOBEAIHKY OUCIEPCii Ta 3aracaHHs 4J1s1 KOMIVIEKCHUX BJIACHUX 3Ha4Y€Hb OTPUMAHMX 3
METO/ly y3arajbHEeHUX KOJEKTUBHUX MOJ], y JOBIOXBUJIbOBIl 0o6JacTi. [IpoBeieHO aHasli3 CTPYKTYpHHUX Ta
IVHaMiYHUX 0cO6MBOCTEN (JI0ify BOJHIO B 06J1aCTi iHAYKOBAHOTO THCKOM I1€PEeXOAy Bif MOJIEKYJISIPHOTO 10
aTOMAapHOTO CTaHy. BCTaHOBJIEHO IMCIIEPCilo KOJIEKTUBHUX 30yKeHb IJ1s1 psiAy I'yCTUH 3a TemnepaTtypu 2500 K.
OTpuMaHa 3aJIeXXHICTh Bifl [YCTUHU a/1iabaTUYHOI Ta BUCOKOYACTOTHOI MIBUIKOCTI MOMKUPEHHS 3BYKY MiCTUTD 71aTO
B 06J1aCTi IIepexofly Bifl MOJIEKYJISIPHOTO IO aTOMapHOTro CTaHiB. [TokazaHo, 110 M'STU3MiHHA TEPMO-B'I3KOIPY>KHA
MOJeJIb BAQJIO BiITBOPIOE YacoBi KopessiLiiiHi QpyHKuUii, omepskadi 3 AIMD, 11 4ucTo aToMapHOTo (Jtoiny BOGHIO.
3anpornoHOBaHO BUKOPUCTAHHS MOJIeJli XiMiYHO peakUiliHuX PO34MHIB Ta CIIOCOOY PO3/iIeHHS BHECKIB 4O YaCOBUX

KOpeJsiiiHuX (PYHKIi yepes napijiajbHi KOMIIOHEHTU MOJIEKYJISIPHOI Ta aTOMApHOI MiJICUCTEM.

2. The thesis is devoted to the investigation of collective excitations in liquids with associates using ab initio
molecular dynamics (AIMD) simulations and theoretical analysis within the framework of generalized
hydrodynamics based on the approach of generalized collective modes. The systems of interest in this study
include liquid antimony and hydrogen fluid under high-pressure. The estimation of eigenvalues and eigenvectors
of the generalized hydrodynamic matrix, which is equivalent to solving the generalized Langevin equation in
matrix form, provides a theoretical description of the time-dependent particle density and current correlation
functions in liquids. This approach allows for the better insight in nature of collective excitations, as well as finding
the behavior of collective modes beyond the hydrodynamic regime. An analysis of the structural and dynamical
properties of liquid antimony was carried out. The radial distribution function of particles was obtained,
characterized by a shoulder within the first coordination shell. Based on the time evolution of the distances
between nearest neighbors, it was established that the shoulder is due to the preferred positions of quasi-bound
atomic pairs. A five-variable thermo-viscoelastic model was applied that successfully reproduced the correlation
functions obtained within the first-principles simulations. It was shown that one of the two observed propagating
modes exhibits an extended flat region in the dispersion of collective excitations, which agrees with the AIMD
results. Additionally, it was found that the collective excitations of quasi-bound pairs exhibit a flat dispersion for all
studied wave-numbers k, that was not specific for the other modes. The collective dynamics of molecular
hydrogen fluid was investigated. The five-variable thermo-viscoelastic model of generalized hydrodynamics was
employed to reproduce four collective time correlation functions derived from AIMD simulations. It was
established that using the imaginary part of the density response function and the correlation function of the time
derivatives of the longitudinal current to determine the unknown static correlators and correlation times in the
generalized hydrodynamic matrix accurately reproduces spectral properties of the longitudinal current correlation
functions along with the dispersion of collective excitations. The long-wavelength asymptotes ~k™2 were obtained



for the static correlators of the time derivatives of the longitudinal and transverse currents. The correct
hydrodynamic behavior of the dispersion and damping of the complex eigenvalues, obtained from the generalized
collective modes approach, was confirmed in the long-wavelength regime. An analysis of the structural and
dynamical features of the hydrogen fluid in the pressure-induced transition region from the molecular to the
atomic state was performed. The dispersion of collective excitations was determined for a range of densities at a
temperature of 2500 K. The obtained density dependence of the adiabatic and high-frequency sound velocities
exhibits a plateau in the transition region from molecular to atomic state. It was shown that the five-variable
thermo-viscoelastic model accurately reproduces the time correlation functions obtained from AIMD simulations
for purely atomic hydrogen fluid. The use of chemically reactive mixture model and the decomposition of the time
correlation function contributions via the partial components of molecular and atomic subsystems was proposed.
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